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In Japan, the mid-1980s, the fluoride source electrolysis of Nd and other rare earths was 
developed and commercialized. Commercial fluoride source electrolysis is an electrolytic process 
that was transiently used to change to the oxide source electrolysis, for the release of global 
warming gas, it is currently not done method. But fluoride source electrolysis is important to 
consider the characteristics of the electrolysis of rare earth. Single electrolysis of some of the rare 
earths from the La to Yb, the influence of rare earth impurities, further behavior of each rare 
earth in rare earth mixed system, in particular, from the viewpoint of the influence of ion valence 
on the electrolytic, are summarized. Rare earth has generally a trivalent ion. It shows a unique 
phenomenon in the case of the divalent or tetravalent element is present. Ce has trivalent and 
tetravalent, in the fluoride source electrolysis, the current efficiency is extremely low, it is 
presumed that happened Ce４＋  Ce３＋ of electrode reaction. Sm has divalent and trivalent, there 
is Sm２＋  Sm３＋ reactions at the electrode, and at the electrolytic temperature, the 
disproportionation reaction of the Sm ＋ 2SmF３  3SmF２ has been found to occurs in the bath. 
Sm in Nd electrolytic bath results in a decrease in current efficiency. As a result, we have 
established a mass-production process of oxide electrolysis of Nd-Fe and Dy-Fe, less oxygen and 






























































































　2R２O３ ＋ 3C → 4R ＋ 3CO２
　R ＋ Fe → R － Fe
であるが、フッ化物電解では
　RF３ ＋ 3C → R ＋ 3（1/n）（CF）n
　（CF）n → mC ＋ CxFy





























































































　2SmF３ ＋ Sm  3SmF２












Scandium Sc 1,541 2,836 2+,3+ 
Yttrium Y 1,522 3,338 3+ 
Lanthanum La 918 3,464 3+ 
Cerium Ce 798 3,433 3+,4+ 
Praseodymium Pr 931 3,520 3+,4+ 
Neodymium Nd 1,021 3,074 2+,3+,(4+)
Promethium Pm 1,042 3,000 - 
Samarium Sm 1,074 1,794 2+,3+ 
Europium Eu 822 1,527 2+,3+,(4+)
Gadolinium Gd 1,313 3,273 3+ 
Terbium Tb 1,356 3,230 3+,4+ 
Dysprosium Dy 1,412 2,567 2+,3+,(4+)
Holmium Ho 1,474 2,700 2+,3+ 
Erbium Er 1,529 2,868 3+ 
Thulium Tm 1,545 1,950 2+,3+ 
Ytterbium Yb 819 1,196 2+,3+ 
Lutetium Lu 1,663 3,402 3+ 
*  Beaudry；Hand book on the Physics and Chemistry of RE, 1,225(1978) 







































































































































Fig. 1　Decomposition Voltage of rare earths
Fluoride E０ or ΔG０ from W. J. Hamer (1965), 
　O. Greis (1982), Gmelin (1976)


































earth    * ℃ A V % 
Y Ni F 839 7.5  6.3  202 67 
La Ni O 854 4.0  2.8  249 80 
Ce Fe F 809 9.4  3.8  26 22 
Mm Ni F 806 9.0  3.8  63 31 
Pr Ni F 835 4.0  7.5  147 80 
Pr Fe F 833 5.9  6.7  240 73 
Nd-Pr Fe F 840 5.2  6.5  184 62 
Nd Fe F 835 5.9  6.3  171 70 
Sm Co O 904 4.4  3.0  146 0 
Sm Co F 837 6.3  6.8  194 0 
Gd Fe F 880 9.2  6.0  171 58 
Gd Co F 831 8.0  6.0  173 71 
Gd-Tb Co F 815 7.5  7.2  146 79 
Tb Fe O 938 4.0  2.5  236 53 
Tb Fe F 901 6.2  6.4  89 80 
Tb Co F 791 7.2  7.1  121 59 
Dy Fe F 894 9.1  5.9  211 59 
Er Ni F 899 8.9  5.4    55 


































































Fig. 2　50 A Electrolytic furnace


































































































































Fig. 4　Decomposition Voltage measured for rare 
earth fluoride and oxide
Fig. 3　Anodic critical current density against tem-
perature
O：oxide, F：flouride, 95：95%grade source, 
3N：3Ngrade source
Fig. 5　Current efficiencies obtained in the electrol-

































































































































































































































































































































Fig. 6　The effect on the current efficiency of SmF３ 
concentration in the electrolyte bath






























La 27.5 43.8  1.6 
57 
Ce 50 26.0  0.5 
Pr 5.3 7.2  1.4 
Nd 17.2 22.6  1.3 
F 
La 27.5 36.1  1.3 
21 
Ce 50 22.8  0.5 
Pr 5.3 8.5  1.6 
Nd 17.2 27.0  1.6 
La-rich 
Mm F 
La 56.6 41.8  0.7 
43 
Ce 13.5 17.6  1.3 
Pr 8.01 9.8  1.2 
Nd 21.8 28.9  1.3 
Ce-free 
Mm F 
La 68.8 23.4  0.3 
73 
Pr 8.2 17.6  2.1 
Nd 22.3 58.8  2.6 
Dy 0.08 0.2  2.9 














































































C.E.(%) = -5.8X + 79.4










































































Method Source   Type Lab. Preparation Comercial production 





K, Mg, Ca, Li La~Nd -   
Oxide La, Mm, Sm, Eu, Tm, Yb Sm C *4 
Fluoride 
Ca Y, La~Lu except Sm, Eu, Yb 
Y, La~Lu except 
Sm, Eu, Yb,  
(small quantity) 
C  





Non-consumable*1 La~Nd Mm   
  Liquid  *3 RE-Al, RE-Mg Mm   
Oxide Non-consumable La~Nd Di, Nd, Mm C,J,V 
(Fluoride bath） 
Consumable *2 Y~Dy Dy-Fe C,J 
Liquid Y-Mg, Y-Al Mm   
Fluoride Non-consumable La~Nd Nd, Di   
  Consumable La~Er RE-Fe   
 
*1 non-consumable: Mo, W  *2 consumable: transition metal  *3 Liquid alloy with Mg, Al, Zn and liquid Mm 





































Type of electrolysis Oxide or Fluoride electrolysis 
Products Mm, La, Nd, Di, Pr 
Nd-Fe,Di-Fe, 
  Dy-Fe,Tb-Fe,Gd-Fe 
Current 1~30 kA 
Voltage 8~15 V 
Anode current density 0.3~3 A/cm2 
Cathode current density 0.5~30 A/cm2 
Electric power 
consumption 7~12 kwh/kgRE 
Current efficiency 80~90 % 
Yield of products 90~98 % 
Content of RE R:>99% 
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